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Abstract 
Generally sea clutter is regarded as the radar clutter echoes, which interferes in target acquisition ability of marine 
radar. Synchronously the ocean environment parameters affect the intensity and other aspects of sea clutter. So sea 
clutter has been used to estimate ocean environment parameters by Oceanographic researchers. Fist of all we should 
discuss how the ocean environment parameters influence the sea clutter, such as wave, current, wind and so on. This 
paper focuses on the formation mechanism of the sea clutter. The impact of ocean environment parameters on sea 
clutter is studied, and the impact of radar parameters is also considered. The paper contributes to inversion of the 
ocean environment parameters from sea clutter. 
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1. Introduction  
The radar echo, sea clutter, from the sea surface is usually weaker than that from land, which is also 
different from radar echo from land [1][2]. The sea clutter, backscatter of the transmitted signal by 
elements of the sea surface, often places severe limits on detecting electromagnetic wave signal from ships, 
air-craft, and missiles, navigation buoys, and other targets on sea surface. Many workers used to establish 
some statistical model, which described the sea clutter in order to get rid of sea clutter signal from the 
backscatter electromagnetic wave signal. In the mid-1960s, the Bragg model was introduced into the 
microwave regime by many workers. This produced a revolution in thinking about the origins of sea clutter 
because it involved the sea wave spectrum, thus forging a link between clutter physics and oceanography 
in what became the field of radio oceanography. Then oceanographic workers started to research how to 
estimate ocean environment parameters from sea clutter. These parameters include wave, current, wind and 
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so on. And a combined hardware/software system called WaMoS (Wave Monitoring System) was 
developed at the GKSS research center in 1995.Now the WaMoS has upgraded to version [3].There are Ⅱ
several systems like WaMoS, which can get ocean environment parameters from sea clutter. And these 
systems have greatly promoted the research work of sea clutter and ocean environment parameters. And 
the First and foremost problem is the study about influence of ocean environment on sea clutter. 
2. Sea clutter 
The nature of the sea clutter form the sea surface depends upon the shape of the sea surface. And there 
are so many factors that can influence the sea clutter. But while the parameters relating to the radar system 
and its configuration, such as frequency, cell size, polarization, grazing angle at the surface, and ocean 
environmental parameters. Here we discuss the X-band radar, in the case of grazing angle sea clutter 
situation. 
2.1Measure of sea clutter [1] 
Since sea clutter is generally viewed as a surface-distributed process, the basic sea clutter parameter is 
taken to be the normalized radar cross section (NRCS). It is obtained experimentally by dividing the 
measured radar cross section of an illuminated patch of the surface by a normalizing area. The use of  is to 
describe sea clutter, which is independent of the illuminated area. When sea clutter is viewed by a  high-
resolution radar, such as X- band radar, sea clutter is not uniform and cannot seen with high-resolution 
radar are call sea spike, which is shown in figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 radar image of sea clutter(sea spike). 
2.2Theory of sea clutter 
Many theoretical models have been proposed over the years to explain sea clutter. Among these models, 
Bragg resonance is the most successful one yet, or Bragg scatter. A rough sea surface can be described by 
its vertical displacement from the mean. A Fourier transform of this surface displacement gives a spectrum. 
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Scattering from such a surface can be characterized as scattering from that particular frequency. The Bragg 
scatter theory can be used well in HF radar sea clutter.  
But for X-band marine radar, workers promote another theory, two-scale model of the sea surface. 
When the length of large-scale sea waves is many times the microwave length, the theory divides 
arbitrarily full ocean spectrum into two parts, small-scale and large-scale, introducing a borderline wave 
number. The small-scale part obeys the perturbation theory, while the large-scale part requires conformity 
with physical optics. So the sea clutter is composed of long-scale gravity wave and resonance ripples on 
these waves. And this is the main idea of two-scale model theory. For radar image the main modulations of 
wave includes tilt modulation and hydrodynamic modulation. 
With the change of incidence angle, the actual situation of sea clutter changes accordingly. 
• At moderate incidence angles, large gravity waves manifest themselves in radar imagery of the sea 
surface indirectly, i.e. by spatio-temporal modifications of the resonance gravity capillary ripples, 
induced by these large waves.  
• In the steep incidence area (almost at vertical incidence angles), utmost importance is given to the 
direct reflection from the large sea waves, as in this case there is a chance of specular(orquasi-
specula) reflection from large waves. 
• Backscattering at low grazing angles plays a specific role in the scattering of electromagnetic 
microwaves by the rough sea surface. Apart from its application value, this method is of great 
interest due to the large discrepancy between the Bragg scatter theory and the experimental data. 
2.3Radar  modulation mechanism 
The sea clutter has two modulation types (geometrical and hydrodynamic modulation). The influence 
of sea surface on sea clutter depends on several modulation mechanisms. The ocean wave field is imaged 
with the radar because the waves modulate the radar cross section of the sea surface. The radar cross 
section modulation (tilt and hydrodynamic) induces the intensity variance between the signals 
backscattered by large wave symmetric areas of double-scale wave [5][6]. 
• Tilt modulation mechanism is shown in figure 2. This modulation mainly takes place in moderate 
incidence angle. 
 
 
 
 
 
 
 
 
Figure 2 tilt modulation mechanism of wave. 
 
 
 
 
 
 
 
 
Figure 3 Shadowing modulation of wave. 
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• Hydrodynamic modulation mechanism is the main modulation mechanism in moderate incidence 
angle. This mechanism is produced by sea surface Bragg wave modulated by phase of swell and 
wave. And sea surface is modulated by two-scale wave, instead of combination of two kinds of 
waves (large-scale wave and small-scale wave).  
• Shadowing modulation, shown in figure3, occurs in grazing angle condition. There the slope of the 
sea surface results in an additional strong modulation of the radar images. Shadowing is assumed 
to be the main imaging mechanism at grazing incidence. 
With the change of incidence angle, the actual situation of sea clutter is not consistent with the theory 
of Bragg scatter. In small grazing angles, the actual situation of sea clutter is not consistent with the theory 
of Bragg scatter. 
3. Impact of ocean environment parameters on sea clutter 
There are two kinds of factors that bother influence the radar image of sea clutter. One is radar 
parameters, and the other is ocean environment parameters. Here we discuss on X-band marine radar, so 
we can focus on ocean environment. And here marine radar refers to not only shipborne radar but also 
radar on shore for monitoring sea surface condition, such as WaMoS. 
Close observation of the sea surface discloses a variety of features describable as wedges, cusps, waves, 
foam, turbulence, and spray, as well as breaking events of all sizes and masses of falling water. Any or all 
of these might contribute to the scattering of electromagnetic waves responsible for sea clutter. [1]Among 
these parameters, wave is the main parameters. And wave includes large-scale wave and small-scale wave 
mentioned before. 
The significant wave height of wave, wave period and wave direction are the general sea surface wave 
condition. Much relevant research work focus on relation between wave spectra and sea clutter. 
Besides wave, the wind speed and direction also influences the sea clutter. Experimentally, the relation 
between sea clutter and wind speed is complex and uncertain, it having been found to depend on almost all 
of the parameters that characterize sea clutter: frequency, grazing angle, polarization, the state of the sea 
surface, the direction and speed of the wind itself, and even on whether the measurements are made from 
an aircraft or a tower platform. The greater the wind speed, the stronger the sea clutter. For win direction, 
sea clutter upwind is stronger than that of downwind. The current of sea surface also influences the 
frequency shift of backscatter radar electromagnetic wave. 
Altogether the wave, wind and current influence the sea clutter of sea surface. And just the influence 
makes it possible to estimate these oceanographic parameters from radar image of sea clutter. 
 4. Application of sea clutter on ocean environment monitor 
Because of the relation mentioned sea clutter obtained from radar image can be used to survey relevant 
ocean environment parameters such as wave, wind, current and so on. The sea clutter here includes sea 
clutter from RAR and SAR. Both make use of sea clutter to estimate oceanographic parameters.[8] 
   Like WaMoS, spatial radar data from marine radars and satellite imagery was used. The Radar image 
sequence is spatio-temporal. With a algorithm the main parameters of wave can be inversed from sea 
clutter image, such as significant wave height, wave period and wave direction. The application also 
includes the detection of rogue waves, and extreme wave groups from the data, as well as the investigation 
on wave statistics with respect to those extreme wave events.  
   Furthermore, with the frequency shift of backscatter radar wave, current of sea surface can be 
obtained from the sea clutter. And this inversion has been realized by some system like figure 4, quoted 
from reference [9]. 
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Figure 4 Radar station to survey current by sea clutter. 
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